Previously,malignant lymphomas in mice have been found to be the late sequelae of the autologoustransplantation of skin grafts pretreated with CO 2 ; these did not occur with grafts cultured in air alone. The clinical result in this autologous system reflects environmental differences in vitro (Goldsmith & Narvaez 1975). In the present study the syngeneic transplantation in BALB/c mice of lymph node tissue resulted in the late appearance of malignant lymphomas (48-69%), irrespective of the pretransplantation treatment of the grafts. Lymph node grafts were exposed to three different environments before transplantation into syngeneic hosts: (I) to culture in air (24 hours); (2) to culture in an atmosphere of 45%CO 2 in air (24 hours); (3) direct transplantation without in vitro exposure. Transplantation of these three groups of differently treated grafts was followed by the same clinical results in their recipients. These were: (I) The development of lymphoma whereas the spontaneous incidence was zero. (2) The proliferation of T-Iymphocytes in the spleen; the incidence of this abnormality correlates with the lymphoma incidence. (3) A higher than normal occurence of immune-associated lesions (amyloidosis, interstitial nephritis and myocarditis). Both syngeneicand autologoustransplantations may serve as animal models for the study of clinical malignant lymphoma.
Introduction
It has been found that the treatment given to skin grafts before transplantation into autologous recipients determined the long-termclinical results in mice (Goldsmith & Narvaez 1975) . Skin autografts exposed to an unphysiological atmosphere of 45% carbon dioxide in air in shortterm culture induced malignant lymphoma in their recipients; on the other hand, skin maintained in air alone for the same period did not induce lymphomas (Goldsmith & Narvaez 1975) .
It is known that structure and function of cellular constituents may be changed by chronic alterations in the microenvironment due to disease or mechanical trauma. The sensitivity of macromolecular structures to the environment might similarly cause alterations in the structure of certain constituents within the graft tissues in the unphysiological environments produced by elevated concentrations of CO 2 , These alterations might result in the difference between the response of the autologous hosts to grafts of the same tissue, respectively, when their treatment had differed before transplantation.
Carbon dioxide accumulation in the tissues, or an elevated Poo 2 , was studied for several reasons. CO 2 is one of the body's primary metabolic products. Fluctuations in the CO 2 tissue tension are accomplished by alterations in intracellular pH (Jacobs 19200, b. 1922 , Ligou & Nahas 1960 , Loomis 1959 . Therefore, abnormal CO 2 accumulation in the microenvironment as a result of chronic disease is likely to affect pH-dependent cellular processes (Biggers & Bellve 1974 , Brown 1974 , Chalazonitis 1974 , Ligou & Nahas 1960 , Tenney 1960 , Woodbury & Karler 1960 . Mitosis is included among these mechanisms (Bauer 1925 , Frank 1940 , Mottram 1928a . This suggests the pertinence of a study of the clinical effects of chronic derangement of these processes.
The development of lymphoma in different strains of mice in response to skin autografts pretreated with CO 2 prompted an investigation into the possibility of a similar reaction in a syngeneic system. The results were obtained in a series of syngeneic transplantations in approximately a thousand mice. These included inbred strains (BALB/c, CBA and A/He) as well as hybrids. A number of different tissues were grafted (bone marrow, mammary gland and lymph node); transplantation sites and exposures to elevated CO 2 concentrations were varied. Grafts of each of the different tissues were transplanted following short-term culture, either in air alone, or in the CO 2 in air mixture. In all these transplantations there was an increase in lymphoid malignancies and abnormalities and in immune-associated lesions. The bone marrow recipients were the only exception. The similarity of results despite differences of experimental procedure seems significant. The results of the bone marrow transplantations have been reported (Goldsmith & Joseph 1977) . The findings obtained with mammary gland recipients are to be reported. The present investigation is concerned with the response of BALB/c recipients to syngeneic lymph node tissue grafts.
Methods
Inbred strain BALB/c mice were used as previously described (Goldsmith & Narvaez 1975) . Donors and recipients were young virgin female mice; donors were 6-8 weeks of age and recipients 20-28 days.
Fragments oflymph node tissue (approximately 1mm-) for transplantation were maintained in Waymouth's culture medium (without calf serum) for 24 hours in an atmosphere of approximately 45%CO 2 in air at room temperature in a vacuum desiccator (C0 2-grafts). This is approximately a 9-fold increase in CO 2 above the normal in vitro concentration. A second set of tissue was similarly maintained in a vacuum desiccator in Waymouth's medium but in room air (air-grafts) to assess the effects of exposure to culture medium alone. A third group of animals received direct transplants of lymph node without exposure to culture medium or altered environments (untreated grafts). All transplantation took place to the right and left fourth mammary fat pads, cleared of host mammary epithelium before transplantation, according to the technique of DeOme et 01. (1959) .
An untreated group of animals served as negative controls. These were maintained as long as possible to ensure that the lesions encountered in the experimental animals did not occur spontaneously with age. Experimental mice were observed until death or killed when moribund; all animals were autopsied. The approximate mean age at autopsy of the experimental animals was 11-12 months while the untreated mice averaged 17-18 months. The longest survivors in the untreated group were 23 months old. The tissues were fixed in 10% neutral buffered formalin and stained with haematoxylin and eosin and, where appropriate, with congo red. Tissues were examined histologically in blind fashion and cases of malignant lymphoma were confirmed by an independent pathologist. Malignancy of tumours was confirmed by intraperitoneal grafting in syngeneic hosts of the same sex and propagation through two transplant generations.
Presence of 9 antigen on proliferating lymphocytes in the spleen was demonstrated by use of rabbit antiserum to mouse brain (BALB/c) adsorbed (Litton Bionetics Inc) according to the method of Raff (1969) . The details of this work will be reported later.
Results
A limited number oflesions appeared mote frequently in the experimental animals than in the untreated controls. These are enumerated below nnd their incidence is summarized in Table  I nnd illustrated in Figure I . Table 1 .
Incidence oflymphomaand immune-associated lesions. expressedas percentage cumulatice incidences (numbers ofanimals in parentheses)
Malignant lymphomas
Lymphoid hyperplasias
Lymphoid atrophies
Immune-associated lesions
Type ( 
(9) (4)
(2) (6) 
(3)
(2) 
.Includes 2 thymic malignancies Comparisons between groups of the differences in incidence were done by the 7,.1 method. NS=not statistically significant (P>O.OI) Malignant lymphoma: The most evident finding ofthis study is the high incidence ofmalignant lymphoma in the recipients of syngeneic grafts ( Figure 2 ). These lymphomas occurred in a strain in which the spontaneous incidence was found to be zero. The latent period for lymphoma to become grossly visible was approximately 8 months. The lymphoma incidence was similar in all syngeneic graft recipients, irrespective of the pretransplantation treatment of the grafts. Incidences between 48% and 69% occurred in these groups. There was no significant difference (P>O.OI) between the incidence in the recipients of CO 2-treated grafts (63%) and the incidence in the recipients of untreated grafts (69%). The usual. morphological features of lymphoma were noted, namely monotonous proliferation of cytologically abnormal cells, effacement of architecture, and invasion of capsular sinuses and perinodal fat. Not infrequently, the proliferation involved.multiple nodes in diffuse fashion. The engrafted site had no evidence 6flymphomatous transformation. There was no gross evidence of residual graft tissue in the mammary fat pads. Occasionally, involvement was focal with only partial replacement oflymph nodes or spleen. The lymphoma could generally be classified without difficulty according to the schema of Dunn (1954). Most Figure 3 . Non-malignantlymphoidabnormalities of these were of the mixed cellularity variety. Lymphoma appeared in lymph nodes before involving the spleen and other organs, in agreement with clinical observations. Identification of cell surface markers of the proliferating cells is under investigation.
The malignancy of these lymphomas was demonstrated by transplantation. Whereas the original hosts survived from 6-15 months following grafting of the lymph node tissue, transplantation of the malignant lymphomas into syngeneic recipients of the same sex resulted in a mean survival of only 6 weeks and in the second transplant generation, only 3 weeks. Morphological lymphoidabnormalities: The same morphological abnormalities of the lymphoid system occurred in the recipients of all syngeneic grafts, despite the difference in the treatment to which these were subjected before transplantation.
There was a high incidence (70-75%) of marked hyperplasia in the T-cell areas of the spleen (Figure 3 ). Histologically, hypercellularity in the spleen was evident in all graft recipients as compared to the untreated controls. There was distinct widening of the peri arteriolar sheaths and these areas were filled with compact masses of proliferating lymphocytes (Figure 4) . The use of anti-B serum identifies these as proliferating T-cells (Raff 1969) . The incidence of this T-cell proliferation correlates well with the incidence of lymphoma although the former exceeds the latter in each group. No atrophy was found in T-cell areas of the spleen in either treated or untreated mice.
Atrophy occurred in T-cell areas of the lymph nodes in some animals (Figure 3 ). This was characterized by widening of the paracortical extrasinusoidal areas with a distinct decrease in cellularity ( Figure 5 ). It is less frequent than the splenic hyperplasia, but both appear only in the treated animals and are absent in the untreated controls ( Figure 3) .
Thickening of the parafollicular mantle with accompanying enlargement of active germinal centres indicated hypercellularity in nodal B-cell areas in recipients of CO 2-treated grafts ( Figure 6 ). The incidence of this abnormality was considerably less than that of either of the other lymphoid abnormalities (Figure 3) .
Varying incidences of atrophy were found in splenic and nodal B-cell areas in treated and untreated mice, a not unexpected finding in senescent animals.
Immune-associated lesions:
The activation of the immune system in all of the experimental groups is suggested by the appearance of a variety of lesions frequently associated with immune mechanisms. Amorphous eosinophilic deposits in the spleen primarily, but also in the liver and various other tissues, were confirmed as amyloid by staining with congo red and examination under polarized light (Figure 7) . The incidence of amyloidosis was significantly higher in the recipient groups than in the untreated controls. It was highest in the CO 2-treated graft recipients (Figure 1 ).
The intermysial areas of the heart occasionally contained scattered lymphocytes. There was no necrosis of myofibres accompanying this reaction. The incidence of this myocarditis was similar in all three recipient groups (Figure 1) ; it was absent in the untreated controls.
Both cortical and medullary changes were seen in the kidney. Proliferative changes in the glomeruli were occasionally associated with eosinophilic extracellular deposits which did not stain with congo red. In addition, the interstices frequently had scattered aggregates of lymphoid cells. The tubular epithelium, however, was well preserved. There is no significant difference between the high incidences of this nephritis in the three recipient groups. These incidences are significantly higher than that in the untreated controls (Figure 1 ).
Discussion
.
Malignant lymphoma has been the sequel to allograft transplantation both clinically, in organ transplant recipients (Krikorian et al. 1978 , Penn 1970 , Penn & StarzI1972, Schneck & Penn 1971 , Sharma et al. 1972 and experimentally, in animals with chronic allogeneic disease (Armstrong et al. 1967 , Armstrong et al. 1970 , Gleichmann et al. 1972 , Schwartz & Beldotti 1965 , Schwartz et al. 1966 . Chronic stimulation by allogeneic histocompatibility antigens takes place in both instances: in an immunosuppressed host, clinically, and in an immunologically neutral recipient, experimentally. Lymphoid malignancy and dyscrasias have also been shown to result from persistent stimulation by various foreign antigens (Krueger et al. 1971 , Penny & Hughes 1970 . In contrast to allograft transplantations, the present syngeneic system excludes allogeneic antigenic stimulation, and no impairment of host immune response was designed. Since the lymphoid neoplasms arose as autochthonous tumours in this system, it may serve as an animal model for the study of clinical malignant lymphoma.
The three different treatments given to lymph node tissue before transplantation into syngeneic recipients resulted in the same late sequela: a high incidence of malignant lymphoma in a strain with a zero spontaneous incidence as well as the same morphological lymphoid abnormalities. Even untreated grafts induced these lesions. It is, therefore, possible that the lymphoma development in the syngeneic system described here is a result of other factors than alterations in graft tissue constituents by abnormal culture environments. Factors inherent in this transplantation, per se, may have contributed to the long-term results.
Immunological interaction between graft and host tissues is a possibility, which is strengthened by the fact that in graft recipients there was a significant increase in incidence in immuneassociated lesions, i.e., amyloidosis, interstitial nephritis and myocarditis.
Observations in: an autologous system contrasted with those in the syngeneic system (Goldsmith et al. 1979) .Lymphoma did not occur in the autologous system unless graft tissues (skin) were exposedbefore transplantation to an abnormal environment, in this case 45% CO 2 in air (Goldsmith & Narvaez 1975) . This suggests that the effect of elevated CO 2 on graft tissues was responsible for the subsequent appearance of malignancy in this instance. Therefore, the difference in lymphoma incidence in the recipients of differently treated grafts indicates that in the autologous system, as distinct from the syngeneic, the clinical result reflects environmental changes invitro.
It is significant that in both syngeneic and autologous systems only malignant lymphoma developed, despite the use of different tissues. Skin (Goldsmith & Narvaez 1975) and mammary gland (unpublished observations) were both exposed to CO 2 before transplantation. The absence of skin or mammary tumours, and the increased frequency of immune-associated lesions, point to an involvement of immune mechanisms in the aetiology of these lymphomas.
Two possible mechanisms may besuggested. Either elevated CO 2 , via intracellular acidosis, may directly affect nucleic acid structure and the genome (Raacke 1977) or it may alter protein structure at the cell surface. So far there is no experimental evidence to justify speculation regarding the former possibility.
However, the second suggestion may be supported by our recent finding of marked Tvcell proliferation in the spleen, early in the development of lymphoma (unpublished data). This observation agrees with an earlier report on spontaneous lymphoma in aged mice. The first change noticed by Hanna et 01. (I 971) in the spleen was a proliferation of 'large cells in the periarteriolar sheaths, the thymus-dependent regions'. T-cell hyperplasia in the spleen was present in our BALB/c mice following intraperitoneal CO 2-infusions. The total percentage of splenic lymphocytes bearing eantigen was found to be almost double the untreated control value and decreased with each succeeding day after CO 2-treatment was terminated. Control values were reached within 14-18 days. This splenic T-cell proliferation may be an early immunological response to modification of cell surface proteins as a consequence of CO 2exposure. Similarly, the elevated CO 2 in the culture atmosphere may have changed the active sites in these proteins resulting in immunogenicity in both syngeneic and autologous recipients. As it has been suggested that T-cells specifically recognize abnormal conformational alterations on target cells (Ohno 1977) , their proliferation in the spleen, following CO 2 accumulation in the tissues, may signal the appearance of 'altered self' (Doherty et 01. 1976) structures on the surface of target cells.
It was concluded that in the syngeneic graft recipients other factors added their effects to that of the elevated CO 2 on graft tissues. These factors may have been minor antigenic' differences between graft and host tissues. The use of a syngeneic system in this study excluded major histoincompatibilities between host and graft tissues. Nevertheless, work by other authors (Von Boehmer & Adams 1973) has demonstrated that a 'mixed lymphocyte reaction (MLR) can occur in mice without a difference at a major histocompatibility locus'. It has been shown 'that a MLR can be observed when thymocytes and lymphoid cells from the same inbred mouse strain are cultured together' (Von Boehmer & Adams 1973 , Von Boehmer & Byrd 1972 , Howe et 01. 1970 . These authors suggest that'... the syngeneic reaction is due to a particular antigen, other than H2, expressed after birth on CBA and BALB/c peripheral lymphocytes' (Von Boehmer & Adams 1973) .
The question may, therefore, be asked: have minor antigenic differences, as yet undefined, played a part in the malignant processes observed in this study of syngeneic graft recipients?
